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Abstract 
The Federal Aviation Administration (FAA) is currently executing a considerable transformation of the National Airspace 
System (NAS). One of the primary areas of emphasis included in Next Generation Air Transportation System (NextGen) is the 
utilization of performance-based navigation through Area Navigation (RNAV) and Required Navigation Performance (RNP) 
approach and departure procedures. This project provides a two-phase approach to assessing the human performance impacts 
associated with executing NextGen RNAV/RNP operations. Phase one developed an RNAV/RNP execution factor profile 
describing the factors known to impact the successful execution of RNAV/RNP procedures. Phase two assessed the potential 
positive and negative impact on the execution factor profile based on a series of proposed NextGen changes. Seventeen NextGen 
changes planned for implementation between 2014 and 2020 were analyzed including interval management concepts, RNP 
established approaches, and reduced separation requirements for approaches and departures. Human-System Interaction Models 
(HSIMs) were developed for each NextGen concept to outline the impacted tasks and interactions associated with implementing 
each change. A panel of subject matter experts then compared the HSIMs for each NextGen change against the RNAV/RNP 
execution factor profile. The resulting assessment found consistent impacts of NextGen changes to performance monitoring 
associated with executing RNAV/RNP procedures and aircraft eligibility assessments associated with assigning RNAV/RNP 
procedures. A summary of overarching impacts of these changes on RNAV/RNP procedure execution in the NextGen 
environment are described. 
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1. Introduction 
The FAA is currently executing a considerable transformation of the NAS. NextGen aims to improve the 
convenience and dependability of air travel while increasing safety and reducing environmental impacts. NextGen 
plans to meet these goals by introducing a variety of new systems and capabilities [1]. One of the primary areas of 
emphasis included in NextGen is the utilization of performance-based navigation through RNAV and RNP approach 
and departure procedures. RNAV/RNP procedures enable aircraft to have better access and flexibility for point-to-
point operations [2]. The ability for aircraft to fly more complex routes with greater accuracy serves as a foundation 
for many additional safety and efficiency benefits proposed by NextGen improvements.  
The introduction of new NextGen RNAV/RNP concepts will inevitably introduce changes to the interactions 
between pilots and controllers and the automation systems used to execute and monitor performance. Many of these 
changes are intended to reduce non-conformance events that can lead to loss of separation or airspace violations. 
The introduction of changes to human-system interactions also creates the opportunity to introduce new types of 
risks or to shift the existing risk profile associated with operations. With the increased airspace capacity and, in 
some cases, a reduction in separation requirements, the potential for an increased severity of safety events associated 
with route non-conformance must be thoroughly addressed. This is especially true when considering the system-
wide impact and concurrent development of many of the capabilities. 
1.1. Purpose 
Understanding the potential impact of proposed NextGen changes is critical to ensuring implemented systems 
positively support human performance of actors in the NAS. This project presents a two-phase approach to assessing 
the impact of NextGen changes on the factors affecting RNAV/RNP procedure execution. Phase one develops an 
execution profile outlining the factors impacting successful RNAV/RNP operations. Phase two assesses the impact 
of NextGen changes on the factors in the execution profile. The result provides a high-level summary of potential 
positive and negative impacts to human performance of proposed NextGen changes. 
2. Development of RNAV/RNP execution factor profile 
Considerable research has been completed to date on various aspects of RNAV/RNP operations. Many 
researchers have identified factors which may lead to a non-conformance event including, but not limited to: 
procedure design [3], approach naming conventions [4], equipage requirements [5], Flight Management System 
(FMS) integration [6], and interactions with other types of complex routes [7]. In order to help integrate these 
findings into NextGen development lifecycle, the findings must be integrated into a similar format that describes 
their relationship to proposed NextGen changes. To this end, Phase One of this project developed an RNAV/RNP 
execution factor profile to support the integration of these results. 
To develop the execution factor profile a comprehensive review was conducted of relevant operational, research, 
and technical reports. Each report was reviewed to identify any cited factors that impact the execution of 
RNAV/RNP procedures. Fifty-seven unique factors were identified that spanned many aspects of operations from 
procedure design, procedure assignment, to inputting procedures in aircraft automation systems. The identified 
factors were then classified based on the impacted actors, tasks, phases of flight, and other relevant factors. A 
summary of impacted actors and phases of flight across the 57 factors is provided below in Figure 1. The majority of 
identified factors were found to primarily impact the flight crew. The phase of flight review showed the majority of 
identified factors related to the climb, descent, and approach phases. 
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Fig. 1. Impact of Factors by Actor and Phase of Flight. 
2.1. RNAV/RNP Execution Factor Profile 
The results from the initial non-conformance factor identification process were utilized as the basis for the 
development of the RNAV/RNP Execution Factor Profile. A card sorting session was conducted on the overall list 
of factors by a panel of subject matter experts representing air traffic control, commercial aviation, and human 
factors. The exercise produced an RNAV/RNP Execution Factor Profile that included five categories with 22 sub-
categories of factors impacting RNAV/RNP procedure execution. The categories and their subcategories are 
intended to provide a high-level overview of the factors necessary for successful execution of RNAV/RNP 
procedures. The execution factor profile is provided in Figure 2.  
3. NextGen RNAV/RNP human performance impact assessment 
Phase Two of this effort builds on the RNAV Conformance Factor Profile in developed in Phase One to assess 
the impact of proposed NextGen changes on the ability of controllers to support and monitor RNAV/RNP procedure 
conformance. To assess the impact of NextGen changes, a review of all NextGen Operational Improvements (OIs) 
was conducted to identify the OIs that directly impact the factors in the RNAV/RNP Execution Factor Profile [8]. 
The initial assessment focused on the nine OIs listed below in Table 1.  
Table 1. Operational Improvements Included in this Assessment. 
 
  Operational Improvement 
105208: Traffic Management Initiatives with Flight Specific Trajectories 
102141: Improved Parallel Runway Operations 
104124: Use Optimized Profile Descent 
107103: RNAV SIDs, STARs, and Approaches 
108209: Increase Capacity and Efficiency Using Area Navigation (RNAV) and Required Navigation 
Performance (RNP) 
104123: Time-Based Metering Using RNAV and RNP Route Assignments 
102146: Flexible Routing 
102118: Interval Management - Spacing 
104120: Point-In-Space Metering 
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Integration 
Procedures are designed to integrate with existing 
routes, sector boundaries, procedures, airspace 
structure (special activity airspace, etc.), and airport 
configurations 
Flyability 4
Procedures are designed to maximize flyability for 
different aircraft types and performance capabilities
Charting 4
Procedure charts clearly and accurately present all 
pertinent route information for both pilots and 
controllers – waypoint names are chosen to maximize 
clarity of communications
Separation 
Procedures incorporate in-trail and a lateral separation 
standards for different types of operations
Controller Training 
Controllers are trained on integrating procedures into 
existing operations, aircraft performance variability, and 
the impact of procedure modification on flight crews
Phraseology 4
Phraseology is defined to allow controllers and flight 
crews to clearly communicate procedure assignment 
and modifications
Flight Crew Training 4
Flight Crews are trained to effectively understand how 
to enter, update, and modify procedures using their 
automation systems, particularly during non-normal 
situations
Procedure Requirements 4
Controllers and Flight Crews are trained to understand 
eligibility requirements for various types of procedures 
Clearance Assignment 4
The clearance assigning a procedure is 
accurately issued and understood by the 
controller and flight crew
Eligibility 4
Performance restricted clearances are 
only issued to and accepted by flight 
crews that meet eligibility requirements
Modification 4
Any modifications to the published 
procedure are clearly issued by the 
controller and clearly received by the 
flight crew
NOTAMs 4
All involved actors are aware of the 
NOTAMs affecting the assigned 
procedures
Procedure Input 4
The flight crew correctly inputs the 
clearance and any modifications into the 
aircraft automation system
Monitoring 4
Controllers and flight crews monitor the 
aircrafts execution to identify non-
conformance or conflict scenarios
Ground Automation 
Automation provides controller 
information necessary to support 
conformance monitoring
Aircraft Automation 4
The flight crew uses appropriate levels 
and modes of automation to fly the 
cleared route or procedure
Off-Nominal Conditions 4
Controllers and Flight Crews are able to 
respond to off-nominal situations while 
executing RNAV/RNP procedures
Standard Operating Procedures & 
Coordination 4
Controllers and Flight Crews follow
established procedures to coordinate 
procedure execution
Recovery Planning 4
Controllers and flight crews are provided 
the information and time necessary to 
determine a recovery course of action 
that will prevent an adverse outcome
Recovery Communication 4
Controllers and flight crews clearly 
communicate recovery plans and actions
Automation Support 4
Automation provides information 
necessary to support resolving non-
conformance and potential separation 
issues
Off-Nominal Conditions 4
Controllers and Flight Crews are able to 
respond to off-nominal situations while 
executing RNAV/RNP procedures
4 Flight Crew Impact       
 Controller Impact
Agency & Facility Influences
Operations
Fig. 2. RNAV/RNP Execution Factor Profile. 
RNAV/RNP Execution Factor Profile 
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3.1. Human System Interaction Models 
For each selected OI, a high-level task analysis was created to describe the impact of the proposed change on 
NAS actors. The task analyses then supported the development of a Human System Interaction Model (HSIM) that 
described the human-system interactions impacted by each OI. Similar to control structures in the Systems Theoretic 
Accident Modeling and Processes (STAMP) method, human-system interaction points in an HSIM are represented 
using arrows depicting the initiating and receiving actor involved in the interaction [8]. An example HSIM for OI 
102118: Interval Management – Cruise is included below in Figure 3. 
3.2. Execution factor comparison 
The developed HSIMs for all RNAV/RNP OIs were then compared against the RNAV/RNP execution factor 
profile developed in Phase One. A panel of subject matter experts representing air traffic control, commercial 
aviation, and human factors identified and classified the potential impacts of each OI against each execution factor. 
Positive and negative impacts to each factor were identified and described. Additionally, the controller and flight 
crew tasks associated with executing each OI that impacted an execution factor were identified.  
Figure 4 displays the identified execution factors that may be impacted by each proposed OI. This paper focuses 
on the Procedure Assignment and Procedure Execution factors that relate to Air Traffic Controllers. Three of the OIs 
– 105208: Traffic Management Initiatives with Flight Specific Trajectories, 104124: Use Optimized Profile Descent, 
and 102146: Flexible Routing – were identified as impacting five of the execution factors. Additionally, eight of the 
nine OIs were identified as impacting the monitoring function associated with executing RNAV/RNP procedures. 
Given the high-level descriptions of the OIs, no direct impacts to the Standard Operating Procedures & Coordination 
factor were identified during this assessment.  
 
Fig. 3. HSIM for OI 102118: Interval Management – Spacing. 
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4. Discussion  
The overall results of this assessment revealed that many of the proposed NextGen changes will impact the 
factors that have been shown to contribute to RNAV/RNP non-conformance events. Three cross-cutting trends 
emerged from the assessment of proposed NextGen changes. 
4.1. Procedure execution - Monitoring 
Eight of the nine OIs assessed in this effort showed a direct impact to task of monitoring the execution of an 
RNAV/RNP procedure. Air traffic controllers rely heavily on learned traffic patterns for their airspace [10, 11]. The 
extensive training and experience working the same airspace sectors allows controllers to build mental models of 
where aircraft should be in their sectors. This supports controllers in quickly identifying and resolving non-
conformance events in their airspace. Proposed changes that increase the variability of aircraft performance and 
routing may make quickly identifying non-conformance more challenging. 
For example, OI 104124: Use Optimized Profile Descent proposes changes that may cause aircraft to fly less 
consistent routes through controllers’ sectors. The use of optimized profile descents provides a considerable aircraft 
efficiency gain by allowing aircraft to remain at higher altitudes and use lower power settings during descent. This 
may result in aircraft crossing approach fixes at different altitudes based on aircraft type, performance 
characteristics, and weather conditions. Given this performance variability, it will be more difficult for controllers to 
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Fig. 4. Impact of OI on Selected Execution Profile Factors. 
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project where an aircraft will be at a certain point in time in the future. This may increase the difficulty in projecting 
potential conflicts with other aircraft, merging and spacing aircraft, and identifying aircraft that may not meet 
crossing-restrictions.  
4.2. Procedure assignment - Aircraft eligibility 
Previous research identified non-conformance events associated with RNAV/RNP procedures being assigned to 
aircraft that were not equipped or eligible to fly those procedures. In some cases, the flight crew has attempted to fly 
the procedure anyway once assigned [3]. Several OIs, including 105208: Traffic Management Initiatives with Flight 
Specific Trajectories and 108209: Increase Capacity and Efficiency Using Area Navigation (RNAV) and Required 
Navigation Performance (RNP), propose the incorporating of automation checks to ensure recommended procedures 
match aircraft eligibility. This should positively impact the controller’s ability to ensure procedures are not be 
assigned to ineligible aircraft. 
5. Conclusions 
Proposed NextGen changes which build upon RNAV/RNP capabilities must consider the human performance 
impact to the ability of controllers and flight crews to execute these procedures successfully. Capabilities that 
positively support the factors necessary for executing and managing RNAV/RNP procedures will likely yield the 
greatest operational benefit and user acceptance. Capabilities seen as negatively impacting execution may be less 
frequently utilized resulting in a loss of operational benefit. Additionally, the increased capacity and, in some cases, 
reduced separation standards made possible by these changes may adversely impact the ability of a controller to 
detect and resolve non-conformance events that will occur. Considering human performance impacts during across 
multiple concepts will support the safe and effective implementation of future capabilities. 
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